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Abstract
Background—HIV-infected women face several risk factors for postpartum depression (PPD).
We aimed to describe the prevalence and cumulative incidence of PPD in the low-income setting
of Malawi, and to determine the association between maternal and infant HIV and PPD.
Methods—This longitudinal cohort study included 156 HIV-uninfected and 373 HIV-infected
Malawian women enrolled 10-14 weeks after delivery who returned at 6, 9, 12, 15 and 18 months
for follow-up visits. PPD was assessed at all visits. The prevalence of PPD at all visits was
estimated using the Edinburgh Postnatal Depression Scale (EPDS). Association between PPD at
10-14 weeks and maternal and infant HIV status was assessed using log binomial regression.
Cumulative incidence of PPD was assessed using Kaplan-Meier curves.
Results—Prevalence of PPD was highest (11%) at 10-14 weeks postpartum, and decreased to
2.9% at 18 months. There was no association between maternal HIV status and PPD (prevalence
ratio 1.18, 95% CI 0.68, 2.08). Among HIV-infected women, prevalence of PPD was higher
among women whose infants had acquired HIV (prevalence ratio 2.0 (95% CI 1.1, 3.6)). The
cumulative probability of experiencing PPD over the first 12 months post-partum was estimated to
be 33.5% for HIV-infected mothers with HIV-infected infants vs. 22.5% for HIV-infected mothers
with uninfected infants and 23.2% for HIV-uninfected mothers.
Conclusions—PPD prevalence did not differ between HIV infected and uninfected mothers, but
was increased among women with an HIV-infected infant. Our findings suggest it may be
important to monitor PPD among women with HIV-infected infants.
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Maternal mental health has been recognized as an important public health priority by the
World Health Organization 1. One of the most vulnerable times for a mother's mental health
is in the first 12 months postpartum, with minor and major depression frequently occurring
after delivery, especially in the first three months postpartum 2. Symptoms of postpartum
depression (PPD) include tearfulness, feelings of guilt, loss of appetite, feelings of
inadequacy, fatigue and irritability 3. Identification of PPD is important as untreated
postpartum depression can have negative effects on mother-infant interactions as well as
consequences for the newborn child, who may experience emotional and cognitive problems
later in life 4-6.
In high income settings the prevalence of PPD is estimated to be 13% 2, 7. One review of
PPD included 23 studies from 10 African countries and found that the majority of studies
reported estimated prevalence of PPD that were higher than those in high-income
countries 9. Another review of 35 studies of pre- and postnatal psychological wellbeing in
Africa estimated the prevalence of depression to be 11.3% (95% CI 9.5, 13.1) during
pregnancy and 18.3% (95% CI 17.6, 19.1) during the postpartum period 8. . Similarly, a
19.8% (95% CI 19.5, 20.0) postnatal prevalence of common mental disorders was found in a
review of 13 studies in low and lower-middle-income countries 10. A higher prevalence of
postpartum depression of 31.3% (95% CI 21.3%, 43.5%) was also found in a review of
studies of women living in the rural areas of developing countries 11.
Maternal illness, infant illness and financial stress have all been identified as factors
increasing the risk of perinatal depression in low and lower-middle income countries 10.
HIV-infected women in the resource-limited setting of sub-Saharan Africa are thus faced
with a variety of risk factors for PPD. In addition to concern over their own health, HIV-
infected women may experience anxiety over the health of their infected infant or the
ongoing risk of transmission of HIV to the infant if the child is uninfected 12-15. They may
also experience stress due to HIV-associated stigma or anticipation of stigma 16.
Additionally, HIV-infected households often face increased levels of socioeconomic
stressors due to the cost of healthcare and the impact that a chronic illness can have on the
ability of family members to work 17, 18. Research on the prevalence of perinatal depression
in HIV-infected women has been limited, with the majority focused on the prenatal
period 12, 13, 19-30. A cross-sectional study, which found an association between common
mental disorder in the postpartum period in Malawi, suggests there is value in closer
examination of PPD in particular and the association with HIV 19.
We assessed the prevalence of PPD in HIV-uninfected women and in HIV-infected women
(both those with HIV-infected and HIV-uninfected infants), and aimed to determine the
association between HIV infection and PPD in Blantyre, Malawi.
Dow et al. Page 2























Study population and study procedures
The data analyzed in this study arose from a community-based cohort study examining the
effects of HIV on pediatric neurodevelopment. The study was conducted at two healthcare
centers in the Blantyre region of Malawi between May 2008 and March 2012. Both clinics
have prevention of mother-to-child transmission (PMTCT) programs. One center is an urban
primary care facility that does not initiate or administer ART and refers those in need of
ART to a hospital. The other center is located in a semi-rural area and serves as a primary
and secondary care facility with on-site ART services.
As part of recruitment procedures for the parent study, early infant diagnosis (EID) services
were established at these two healthcare facilities. At 6 weeks of age (or earliest visit
thereafter), infants were tested for HIV and all HIV-exposed infants were referred for
cotrimoxazole prophylaxis. Women were asked to return with their infant for HIV test
results 4 weeks later. Three groups of women were enrolled for the parent study: HIV-
uninfected women, HIV-infected women with uninfected infants, and HIV-infected women
with infected infants. Data from the enrolment visit at 10 weeks and study visits at 14 weeks
and 6, 9, 12, 15, and 18 months post-delivery were examined in the current analyses. At the
10-14 week visit, clinical, demographic and socioeconomic data were collected.
Screening for maternal postpartum depression was performed using the Edinburgh Postnatal
Depression Scale (EPDS) 31, the most widely used screening questionnaire for PPD. The
EPDS has been shown to have good test-retest reliabilities as well as good sensitivity for
detecting major depression 32, and has been used in several studies in sub-Saharan
Africa 33-35. The EPDS is a 10-item self-report questionnaire, which takes approximately 5
minutes to complete and asks the mother to rate how she has felt over the past 7 days. Each
question has 4 possible answers and is scored 0-3 points, for a total score of 0-30. A cut-
point of >12, as was used in this study, is recommended to detect probable depression, with
a >9 cut-point to detect possible depression 31. The questionnaire was administered by the
study nurses in the native language of Chichewa.
Statistical Analysis
Baseline EPDS was defined as the score at 10 weeks; the 14 week visit data were used when
10 week data were not available. Follow-up EPDS scores were collected at 6, 9, 12, 15 and
18 month visits including a window of +/- one month. EPDS data from mothers of HIV-
exposed children who seroconverted during follow-up (n=21) were excluded from analysis
at the time of the infant's first positive HIV test.
All statistical analyses were performed using SAS (version 9.2, SAS Institute, Cary, NC).
We calculated the prevalence of PPD at each visit overall and by mother and infant HIV
status. After the 10-14 week visit, incident PPD was calculated as the proportion of women
with a new PPD diagnosis at 6, 9, and 12 months following delivery, among women with
previous data but no previous EPDS score greater than 12.
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The cumulative probability of PPD-free survival was examined by Kaplan-Meier curves
stratified by the mother and infant's HIV exposure status and included only women who had
EPDS data from the 10-14 week visit. Women were censored at the time of a first missed
visit. Changes in EPDS scores over time were examined by stratifying women based on the
quartile of 10-14 week EPDS score.
To assess the association at 10-14 weeks postpartum between maternal HIV status and PPD
and between infant HIV status among HIV-infected women and PPD, we calculated
prevalence ratios (PRs) and 95% confidence intervals (CIs) using multivariable log binomial
regression to account for the high (11%) frequency of the outcome 36 . Multivariable models
contained the exposure (either maternal HIV or infant HIV infection), the outcome (PPD at
10-14 weeks after delivery) and covariables found to be associated with the exposure or with
PPD based on bivariate analysis (p<0.20) or known from the literature to be associated with
the exposure or with PPD. The following covariables were explored for associations with
PPD: maternal age, maternal marital status, maternal education, whether the mother reported
experiencing any problems during the pregnancy (yes or no), whether the father was living
with the child, electricity in the home, mobile phone in the home, ownership of any land by
the household, whether there was more than one separate room for sleeping, whether the
mother perceived she had enough money to meet her needs, whether the mother reported she
was hungry because she did not have enough food, infant gender, and whether there were
other children in the household. We assessed the association between each pair of
confounders to avoid colinearity. In the case of collinear variables (OR of ≥3), only one
variable was retained based on relationships with other variables being explored. To
construct the final model, we used a manual, backward elimination, change-in-estimate
strategy. Potential confounders were removed from the preliminary full model in order of p-
value magnitude. If the exposure-outcome association changed by less than 10% overall and
in all strata of an interacting variable, a given covariable was not retained 37.
Ethics Approval
The University of Malawi College of Medicine Research and Ethics Committee and the
University of North Carolina at Chapel Hill Institutional Review Board approved the study.
Informed consent was obtained prior to conducting any study-related procedures.
Results
A total of 556 children were enrolled in the parent study between May 2008 and July 2011.
There were 492 mothers with EPDS data available at the 10-14 week visit, 389 at 6 months,
353 at 9 months, 326 at 12 months, 287 at 15 months and 276 at 18 months. Overall 156
HIV-uninfected and 373 HIV-infected women contributed data on EPDS. At the 10-14 week
visit, 338 (68.9%) women were HIV-infected and 74 (15%) infants were HIV-infected. The
mean age of the mothers at the time of enrolment was 27.1 years (standard deviation 5.3).
Demographic and socioeconomic characteristics were similar between HIV-infected and
uninfected mothers, with the exception of lower levels of education and household land
ownership and older age among HIV-infected women (Table 1). When comparing HIV-
infected women with and without infected infants, women with uninfected infants were
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more likely to be taking antiretrovirals but were comparable in other measured
characteristics.
Prevalent and incident PPD
During the first 12 months following delivery, the overall prevalence of PPD ranged from
7.4% to 11%, with the highest prevalence at the visit at 10-14 weeks postpartum (Table 2).
At that visit, the prevalence of PPD was higher among HIV-infected women with infected
infants (18.9%) compared to HIV-infected women with uninfected infants (9.5%, p=0.03)
and HIV-uninfected women (9.7%, p=0.05) (Figure 1). There was no statistically significant
difference between the prevalence of PPD when considering only the mother's HIV status
(p=0.55). The cumulative probability of PPD-free survival is illustrated in Figure 2, and
demonstrates the higher frequency of depression among women with HIV-infected infants
(Wilcoxon p=0.03). Overall, the cumulative probability of experiencing PPD over the first
12 months post-partum was estimated to be 33.5% for HIV-infected mothers with HIV-
infected infants vs. 22.5% for HIV-infected mothers with uninfected infants and 23.2% for
HIV-uninfected mothers.
While women in the 2 highest baseline quartiles for PPD, and especially women in the
highest quartile, showed substantial improvement by 6 months, regression to the mean was
gradual after that (Fig 3). Incident PPD was observed in 5.6% (18/323) of previously non-
depressed mothers at 6 months, in 6.4% (19/295) at 9 months, and in 2.7% (7/258) at 12
months. Meanwhile, among mothers with PPD at the 10-14 week visit, 72.2% (26/36)
resolved by 6 months; among mothers with PPD at the 6 month visit, 51.9% (14/27) had
resolved by 9 months; and among mothers with PPD at the 9 month visit, 73.3% (22/30) had
resolved by 12 months. Among 41 women with PPD at the 10-14 week visit and at least one
follow-up in the first year, 46.3% (19/41) experienced PPD at at least one additional visit.
Association between maternal HIV, infant HIV and PPD
At the 10-14 week visit the prevalence ratio (PR) for the association between maternal HIV
and PPD was 1.18 (95% CI 0.68, 2.08). None of the covariates explored (mother's
employment status, insufficient money, mothers' education, electricity in the household,
mother's marital status, mother's age, any problems during the current pregnancy and the
child's gender) met the pre-specified criteria for confounding. The crude prevalence ratio for
the association of infant HIV infection status and PPD among HIV-infected mothers was 2.0
(95% CI 1.1, 3.6). Due to the small number of women taking antiretrovirals in the HIV-
infected infant group, maternal antiretroviral status could not be included in the multivariate
model, but PPD was not associated with maternal antiretroviral status among HIV-infected
women with uninfected infants (PR=1.05, 95% CI 0.45, 2.48).
Discussion
Overall, we found a prevalence of PPD of 11% at 10-14 weeks postpartum among HIV-
infected and HIV-uninfected women found, which is at the lower end of the range of PPD
reported for low-income countries 8, 10. PPD prevalence was not different between HIV
infected and uninfected mothers. Three smaller studies examining the association between
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maternal HIV infection and mental health in the postpartum period in Africa have reported
conflicting results 19-21. A cross-sectional study in Malawi of 314 women assessed at a
median of 10 months postpartum found an increased risk of common mental disorders in
HIV infected women (beta 1.29, p=0.046). In contrast, a cohort study assessed 272 Zambian
women and found that HIV was not associated with mental morbidity in the first 16 weeks
postpartum. A cross-sectional study of 179 women in Zimbabwe assessed at 6 weeks
postpartum estimated an almost two-fold increase in PPD, but the difference was not
statistically significant (aOR 1.95, 95% CI 0.76, 4.99). Only the study in Zimbabwe
specifically investigated PPD, and infant HIV status was not known in any of these studies.
An important strength of our study was the cohort design with accurate monitoring of infant
HIV status between age 6 weeks and 18 months. Among HIV-infected women, having an
HIV-infected infant was associated with a two-fold increase in PPD (PR 2.0, 95% CI 1.1,
3.6) compared to HIV infected women whose infant was free of HIV infection. This finding
is in line with other studies that suggested that the risk for PPD may be more associated with
illness of the mother and infant rather than solely the mother's HIV status 19. In this study,
10-14 weeks was the time at which the mother was informed of the infant's HIV test results.
Even though the EPDS asks about feelings over the past week, it is possible that the
women's feelings about the infant's HIV status influenced the responses they gave on the
EPDS. It is therefore possible that the higher prevalence of PPD represents a reaction to the
news of the infant's status. There is also evidence that infant illness is associated with higher
prevalence of PPD 38, 39, and we found a higher proportion of HIV-infected infants had been
hospitalized since birth. Illness of the child and reaction to the child's diagnosis could thus
be contributing to higher prevalence of PPD among women with HIV-infected children.
Alternatively, the higher prevalence of PPD observed among women with HIV-infected
infants could also have been due to depression that started before or during pregnancy, a
known risk factor for PPD 40. Depression before or during the pregnancy could influence the
mother's uptake of antiretroviral treatment or adherence to PMTCT protocols during
pregnancy and after the birth of the child. Likewise, there may be sociodemographic and
clinical risk factors that increase a woman's susceptibility to depression in the perinatal
period and a child's risk of HIV acquisition. These issues warrant further examination.
The fact that approximately 6% of women presented with new PPD at 6 and 9 months
suggests that it may be important to continue to monitor women for PPD over the first year
following delivery. While most common in the first 3 months postpartum, some women may
not exhibit signs of PPD until later in the first year 2, particularly in the context of chronic
stressors and inadequate support 41. Repeated screenings to detect PPD may be particularly
valuable given that depression has been associated with progression of HIV in the general
population 42, 43. However, special attention must be paid to the sensitivity and specificity of
the screening tool as well as to the costs and consequences of managing false positives and
false negatives 44-47.
In this study there was no intervention offered for women exhibiting signs of PPD. Although
women may have sought out help for their depression, Malawi has limited mental health
resources 48 and it is unlikely that any formal treatment was provided to the majority of
women suffering from PPD. The fact that 46% of women with PPD at the 10-14 week visit
Dow et al. Page 6






















exhibited PPD at a later visit suggests there may be a need for PPD resources for women
exhibiting PPD, especially among women whose infant is diagnosed with HIV infection.
While the relatively large sample size, longitudinal design, good retention and accurate
knowledge of infant HIV status are important strengths, our study has important limitations.
We did not have access to information about the mother's mental health history or her
feelings about the pregnancy, factors associated with PPD in some studies 34, 35, 38, 49, 50.
We did not administer the EPDS before the mother was informed of the infant's HIV status.
The EPDS is only a screening tool, not a clinical diagnosis of depression; however, the
instrument has been widely validated and applied 9. It is also possible that women
experiencing PPD may have been less likely to enroll in the study which may have resulted
in underestimates of PPD prevalence. Finally, infant death, which was experienced by 40
women in this study, led to discontinuation in the parent study. Consequently, we did not
have follow-up information after the child's death, a time during which these women may
have been at high risk of developing PPD. Our estimate of incident PPD may therefore have
been underestimated.
In conclusion, in this cohort of Malawian women we found that HIV-infection of the child,
but not of the mother, was associated with a two-fold increase in prevalence of PPD at 10-14
weeks postpartum. Future studies assessing the continuum of depression during and
following pregnancy as well as specifically examining PPD before and after a mother learns
of her child's HIV test results will help to further elucidate the relationship between infant
HIV infection and maternal PPD. A qualitative study among women with HIV-infected
children could also provide valuable insight. Meanwhile it may be important to examine the
feasibility and clinical value of routinely screen women whose infant is diagnosed with HIV
and to consider including care and support for PPD as part of their HIV care and treatment
package.
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Figure 1. Prevalence of postpartum depression (PPD) at the 10-14 week visit by HIV status of mother and infant*
*The prevalence ratio for the association between mother's HIV status and PPD was 1.18 (95% CI 0.68, 2.08); among HIV-
infected women only, the association between infant's HIV status and PPD was 2.0 (95% CI 1.1, 3.6)
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Figure 2. Probability of Postpartum depression-free survival by maternal and infant HIV status
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Figure 3. EPDS score over 18 months of follow-up by quartile of baseline EPDS
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